Cross-sections for hadronic and leptonic two-fermion events, and leptonic forwardbackward asymmetries, have been measured in e + e ? collisions at a centre-of-mass energy of 172 GeV, using the OPAL detector at LEP. Results are presented both including and excluding the dominant production of radiative Z 0 events. We have measured R b , the ratio of the number of bb to all multihadronic events at 172 GeV, and compared it to the results obtained at lower energies. All results agree well with the Standard Model expectations.
Introduction
We present measurements of cross-sections and forward-backward asymmetries in e + e ? collisions at a centre-of-mass energy, p s, of 172 GeV. The data were recorded by the OPAL experiment at LEP in October{November 1996. Cross-sections were measured for multihadronic, bb, e + e ? , + ? , and + ? nal states, and the forward-backward asymmetries for the leptonic nal states were obtained. The analyses presented here are essentially the same as those performed at a centre-of-mass energy of 161 GeV 1] . As at 161 GeV, we measure cross-sections and asymmetries for inclusive samples of events, with s 0 =s > 0:01, and`non-radiative' samples de ned by s 0 =s > 0:8, where p s 0 is the e ective centre-of-mass energy of the e + e ? collision after initial state radiation. For the e + e ? nal state, the acceptance is de ned in terms of the angle, , of the electron or positron with respect to the electron beam direction and the acollinearity angle between electron and positron, acol . In this note we brie y describe any changes from previous analyses, present the new results and compare them to the predictions of the Standard Model.
Data and Simulation
The data used in this analysis correspond to an integrated luminosity of approximately 9.3 pb ?1 at a nominal e + e ? centre-of-mass energy of 172 GeV and 1.0 pb ?1 at a nominal energy of 170 GeV. The data from the two energies have been analysed together; the luminosity-weighted mean centre-of-mass energy has been determined to be 172.12 0.06 GeV 2] .
E ciencies of selection cuts and background contamination were estimated using Monte Carlo event samples generated with the same set of programs as used for the 161 GeV analyses 3{13]. All samples were processed through the OPAL detector simulation 14]. In contrast to the 161 GeV analyses, here we used the grc4f samples as the main estimators of four-fermion backgrounds, and the EXCALIBUR events for checks. With the exception of the e + e ? ! events, which were generated at a centre-of-mass energy of 172 GeV, all samples were generated at a centre-of-mass energy of 171 GeV; di erences in e ciency between 171 GeV and 172.12 GeV are entirely negligible. In using these Monte Carlo samples to estimate backgrounds, small corrections have been made to account for cross-section variations between 171 and 172.12 GeV where these are signi cant (mainly W + W ? ).
Measurement of the Luminosity
The integrated luminosity was measured using small-angle Bhabha scattering events, e + e ? ! e + e ? , recorded in the silicon-tungsten luminometer 15]. The event selection, including the ducial region acceptance cuts, was identical to that at 161 GeV 1]. Figure 1 shows distributions of the radial coordinate of the clusters reconstructed in the calorimeters, where we see excellent agreement between data and Monte Carlo. The error on the luminosity measurement is dominated by data statistics (0.43%). The systematic errors determined from the 172 GeV data are shown in table 1; the experimental systematic uncertainty amounts to 0.23%, and additional contributions of 0.25% and 0.07% arise from the theoretical error in the calculation of the Bhabha cross-section 16] and the beam energy uncertainty respectively. 1
As at 161 GeV, the luminosity measurement was checked using a second measurement provided by the forward detector. The statistical precision of the forward detector measurement is similar to that of the silicon-tungsten luminometer, but the systematic error of 1%, which arises mainly from the normalisation of the acceptance using Z 0 data taken during 1996, is somewhat larger. 
Hadronic Events
The selection of an inclusive sample of hadronic events, and the separation of a`non-radiative' sample with s 0 =s > 0:8 proceeded in a similar fashion to the analysis at 161 GeV 1]. The e ciency of the selection cuts for the inclusive sample was (91.2 0.1)%, and the background amounted to 14.4 1.3 pb, of which 10.5 pb is from W-pairs. For the non-radiative sample, the e ciency was determined to be (91.9 0.1)%, with a background of 6.9 0.2 pb, almost all from four-fermion events. An estimated 5.0 0.1% of the non-radiative sample arose from events with s 0 =s < 0:8; this contamination was subtracted. The e ciency, background and feedthrough values are summarized in table 3.
The numbers of selected events and the resulting cross-sections are shown in table 2 and the cross-sections plotted as a function of centre-of-mass energy in gure 2.
The main systematic errors on the inclusive cross-section arise from uncertainties in the detector simulation (1.0%) and backgrounds from two-photon and W-pair events (0.8% and 0.4% respectively). In the non-radiative sample the main systematic error arises from the modelling of the separation of non-radiative events. As at 161 GeV, this was estimated by comparing di erent methods of separation, and amounts to 4.6%. The error from the background contamination contributes 0.7%. As in ref. 1], the measured cross-sections are corrected to the phase-space limit imposed by the s 0 =s cut with s 0 de ned as the invariant mass of the outgoing two-fermion system before nal-state photon radiation. There is a small ambiguity associated with this de nition, coming from the e ect of interference between initial-and nal-state radiation, but this is estimated to be small compared to the precision of the measurements.
Lepton Pairs
The selection criteria for the electron and muon pair channels, and for the non-radiative tau pairs, were identical to those used at 161 GeV 1]. The criteria for the inclusive tau pair channel were modi ed somewhat, to reduce the background from electron pairs and two-photon events.
The acceptance region was reduced from j cos j av < 0:9 to j cos j av < 0:85, where j cos j av is the average value of j cos j for the two tau cones. The cuts on visible energy were also tightened: the total visible energy in the event, derived from the scalar sum of all track momenta plus electromagnetic calorimeter energy, was required to be between 0.3 p s and 1.15 p s and the total electromagnetic calorimeter energy between 0.075 p s and 0.7 p s. In addition, the scalar sum of track momenta was required to lie between 0.05 p s and 0.7 p s. The cut on missing momentum in the transverse plane, calculated using the electromagnetic calorimeter, was simpli ed, such that this quantity had to exceed 1.5 GeV.
The e ciencies of the selection cuts at 172 GeV, backgrounds and feedthrough of events from lower s 0 to the s 0 =s > 0:8 samples for the lepton pairs are given in table 3. The numbers of selected events and measured cross-sections are shown in table 2 and the cross-sections plotted in gure 2. The errors on the cross-section measurements are dominated by statistics. The main systematic errors in the electron values arise from uncertainties in the selection e ciencies and knowledge of how well the edge of the acceptance is modelled. In the other lepton channels the most important systematics arise from background estimation.
Asymmetries were measured, for the electron pair events with j cos e ?j < 0:7 and acol < 10 3 E ciency (%) Background (pb) Feedthrough (%) Table 3 : E ciency of selection cuts, background and feedthrough of events with lower s 0 into the non-radiative samples at 172 GeV. For the electron pairs, the`e ciencies' are e ective values combining the e ciency of selection cuts for events within the acceptance region and the e ect of acceptance corrections. The errors on the e ciency and feedthrough values are those arising from Monte Carlo statistics only; those on the backgrounds include systematic e ects.
and for the inclusive and non-radiative muon and tau pair samples, using a counting method. The values were corrected for background and e ciency, and in the case of muon and tau pairs were corrected to the full solid angle. The results are shown in table 4. In each case, the error is dominated by statistics. Figure 3 shows the angular distributions for the observed leptons, and the measured asymmetry values. As at 161 GeV, the electron pair asymmetry is somewhat higher than the prediction of ALIBABA. 6 The Fraction R b of bb Events
The measurement of R b , the ratio of the cross-section for bb production to the hadronic crosssection, at 172 GeV was identical to the analysis at 161 GeV 1]. Multihadronic events with 4 s 0 =s > 0:8, selected as described above, were used. In addition, it was required that the events have at least seven tracks that pass standard track quality requirements, and that thrust , the polar angle of the thrust direction, ful ls j cos thrust j < 0:9. These additional requirements selected a sample of 297 events.
The events were divided into two hemispheres by the plane perpendicular to the thrust axis, and secondary vertices reconstructed in each hemisphere, as described in reference 1]. Figure 4(a) shows the decay length signi cance (L= L ) distribution of the reconstructed secondary vertices, compared with Monte Carlo simulation. As at 161 GeV 1], a folded tag technique was used to measure R b . We nd a total of 68 hemispheres with a forward tag (L= L > 3), and 27 with a backward tag (L= L < ?3). The hemisphere tagging e ciency differences were determined from Monte Carlo, and found to be ( b ? b ) = 0.393 0.019, ( c ? c ) = 0.080 0.008 and ( uds ? uds ) = 0.0100 0.0023, where the last is a weighted average of the light quarks. The errors include Monte Carlo statistics and systematic e ects, the latter being dominant. The tagging e ciencies are essentially the same as at 161 GeV. No attempt was made to reject the W-pair contamination; the expected contribution from these events was subtracted, as described above for the multihadronic events. The probability for a W-pair event to be b-tagged was estimated from Monte Carlo to be 0.086 0.005. The W-pair contamination in the b-tagged sample was found to be 13.0%. After the W-pair subtraction, the hadronic event sample was estimated to be 72% bb, 22% cc and 6% light avour events. 
Conclusion
Production of events with two-fermion multihadronic and leptonic nal states has been measured in e + e ? collisions at a centre-of-mass energy of 172 GeV, as summarized in tables 2 and 4.
The measured rates and distributions are all consistent with the Standard Model expectations.
From the number of events with a signi cantly displaced secondary vertex we have derived R b with a 25% statistical error. 
